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SPECIFICATION 



Biocidal water treatment 
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R This invention relates to the treatment of water to control the growth of aquatic mlcroorganlsnis therein. 5 
Aauatic microorganisms, in particular bacteria such as Pseudomonas aeruginosa, fungi such as 
Oscillatoria. and yeasts such as Sacharomyces cerebisiae grow in a variety of water systems such as 
industrial plant, chemical plant or steel manufacture, brewing, power generation or paper making plant, 
marine engines, central heating systems, and water used for oil field injection, orfbr the manufacture of 

10 aqueous based prodcuts. The organisms cause corrosion and/or fouling. Growth of these organisms may be 10 
controlled by treatment with oxidizing biocides such aschlorine orwith inorganic biocides such as copper 
salts orwith organic biocides, including quaternary ammonium or phosphonium compounds, with one or 
moS chain alkyi groups. A problem with such quaternary compounds is that such compounds give nse 

15 *°We hale discweSd that phosphines or phosphonium compounds with 1 or more hydroxyalkyi groups 15 
attached to each phosphorus atom are highly effective at controlling the aquatic ""°«>°'«a"'f'"^J" . 
Macular such phosphines or phosphonium compounds are highly cost effective and are effective In the 
SSsTnce Xng SS groups, which give rise to foaming problems In biocides of the prior art. We have 
SonanycS^vLdthaCatleastunderconditionsofacI 

on exhibit valuable oxygen scavenging activity. 

Tepresentlnventionprovldesamethod of treating water^^^ 

susceptible to infection therewith, which method comprises adding to said water at least one phosphorus 
compound containing at least one hydroxyalkyi group attached directiy to a phosphorus atom. 
The phosphorus compound may contain one phosphorus atom and may then be of formula 

9« mORPR' 0 1 X wherein n Is 2 or 3; m is 0 or 1 such that (n+m)= 2 or 3; x is 0 or 1 such that (n + x) = 2 or 4, 
I is S^?a?Ste is o^^^ R is an alkylene group of 1 to 4, preferably 1, carbon atoms with the hydroxy 
group attached to the 1. 2. 3 or 4 numbered carbon atom; each R' may be the same or different and 
reprints an alkyI or alkenyl group, preferably of 1^ carbon atoms, or more usually a gi-o^ 0"°™"'^. . 
HOR-. wherein R is as defined above; and Xis anion such thatthe phosphorus<»mpound is water soluble 

30Tr8t^r(%OH)groupmaybea1.or2-hydroxyalkylgroupe.g.ahydroxymethyl,1or2hy^^^^^ 30 
2hydmxypropylor1 or2hydroxy -butyl group; preferably atl^^^^ 

methyl ethyl, propyl, iso propyl, or n- sec-. Iso- ortert-butyl group. X may be a monovalent anion such as 
rSe or bromide, or an orbanic carboxylate, e.g. an alkane carboxylate, preferably of 2-5 carbon atoms 
such as acetate, bisulphite or bisulphate or an organic sulphonate such asmethosulpha e or a benzene 
36tolueneorxylenesulphonateoradihydrogenphosphate,oradivalentanionsuchas8ulphate^^^ 35 
monohydrogen phosphate or atrivalent group such as phosphate or organic carboxylates with 2 ormore 

carboxvl groups such as citrate. The phosphorus compound may also be a phosphlne oxide. 

The phosphorus compound may alternatively contain 2 or more phosphorus atoms, so long as the 
phosphorus compound is water soluble to a concentration of at least 0.5 g/l at 25X. S"ch phXhor"^^^ 

40 compounds contain at least 1 hydroxy alkyI group, usually per phosphorus atom, and P™f«^ably at least 2 
hydroxyalkyi groups per phosphorus atom. Such hydroxyalkyi groups are preferably of formula ROH, where 
R is as defined above The group or groups joining the phosphorus atoms together may of formula -R-, 
R IS asderineo aoove. 1 ^ -R-R"-R- where R is as defined above and R" is the residue formed 

by removal of two hydrogen atoms, bonded to nitrogen, from a di or polyamido or di or poly ^•"'"e'^uch as 

45 urea, dicyandiamlde, thiourea orguanidine. Such compounds with 2 or more. 8-g-3. hydroxyalkyi groups 
Jer phosphorusatom may be made by self condensation of compounds with 3 or 4 Mroxya^M groups 
attached to one phosphorus atom, e.g. of formula [HOR P R'„0„1,X, orwith a compound of formula R-H^ 
such as urea The condensation can be performed by heating at 40-120 C. 

5referaS^hepho^ 

BO esDBclallv hvdroxvmethyl groups. Such compounds are made by reacting phosphine with an a dehyde 

rhosphorao d. Depending on the proportions the product may be a tris hydroxyalkyi Phosphme or tetra kis 
(hydroxyalkyi) phosphoniumsalt;however.thelattertends to beconvertedtotheformerunderaq^ 
alkaline conditions with small amounts of the dimeric compound with 2 phosphorus atomsand ari ROR 

55 bridgeand/ rthephosphin oxidewlth n=2, m=1, x=0. The product may contain up to 10% b^^^ 
free aldehyde or ketone, e.g. formaldehyde and up to 10% by weight of acid. The Pho'Phorus «^mpound 
usually has a pH f 1-6, when in 75% by w ight aqueous solution. The phosphorus c mp unds in which one 
or more of R, ar alkyI groups are made from the corresponding alkyI substituted phosphines by reac on 
withthealdehydeorketone.Toav Id foaming we preferthat any alkyI or alkenyl gr upspres ntshould 

60 havlessthanScarbon atoms. H wever compounds in which 1 or 2 alkyI or alkenyl gr ups per molecule 
have up to 24 carbon atoms are effective biocides and may be used according to our invention in 
applications where foaming does n t present a problem. ,. ,u ^ 

Thus specific examples f biocides according to our invention include tetrakis(hydroxymethyl) 
phosphonium sulphate, tetrakis (hydroxymethyl) phosphonium chloride.t trakis (hydroxymethyl) phospho- 

65 nium phosphate and tris (hydroxym thyl) phosphlne xide as pr ferred examples and dodecyl tris bt. 
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(hydroxymethyl) phosph nium chloride or oleyl tris (hydroxymethyi) phosphonium sulphate as less 
preferred examples. 

The phosphorus comp und may be added to the water to be treated in an amount effective to inhibit 
growth f the microorganisms therein. The amount is usually 1 -5000, e,g.1-1000, preferably 5-1 50 and 

5 especially 20-50 parts by weight of compound per million parts by weight of the water. For instance we 5 
prefer to add 0.6-700, preferably 3-100 and especially 10-30 parts by weight of tetrakis (hydroxymethyl) 
phosphonium group per million parts of water, or 0.4-400 preferably 2-60 and especially 8-20 parts by weight 
of hydroxy alkyi groups {especially hydroxymethyl groups) bonded to phosphorus per million parts of water. 
The phosphorus compound maybe added in aqueous solution to the water. The pH oftho water after 

10 treatment is usually 5-10, e.g. 6-9, typically 6-7 or 7.5-9, 10 
There may also be added to the water, scale or corrosion inhibitors, e.g. phosphonates (including 
aminomethylene phosphonates), polymaleates, polyacrylates, polymethacrylates, polyphosphates or 
phosphate esters as scale inhibitors in conventional amounts or inorganic corrosion inhibitors such as 
soluble zinc salts, nitrite, or sulphite or organic corrosion inhibitors such as benzoate, phosphonate, tannin, 

15 lignin, benzotriazoles or mercapto benztriazoles, all used again in conventional amounts. We prefer that 15 
phosphorus compounds in accordance with our invention should not be used in conjunction with 
chromates. The scale and/or corrosion inhibitors may be added to the water separately from or in 
association with the phosphorus compound. There may be added to the water to be treated oxygen 
scavengers flocculants such as polyacrylamide, dispersants, anti foams such as silicones or polyethylenoxy- 

20 lated antifoams or other biocides such as tin compounds or isothiazolones. 20 
The present invention also provides a composition for treating water containing aquatic microorganisms, . 
which comprises a phosphorus compound containing at least one hydroxyalkyi group attached to a 
phosphorus atom, together with one or more other biocides, and/or scale or corrosion inhibitors, oxygen 
scavengers, flocculants, disgejsanjS, and/ or antifoam. Compositions of the invention may contain other 

25 biocides in addition to the phosphorus compound. 25 
The microorganisms to be treated are usually bacteria, fungi, yeasts and algae that grow In aquatic 
environments. Included in this classification are sulphate reducing bacteria, e.g. Desulphovibrio, iron 
bacteria e.g. Gallionella and slime forming bacteria, e.g. Pseudomonas, which last are particularly 
troublesome in aqueous systems. The water to be treated may be industrial cooling water, e.g, for power 

30 stations or chemical plants or for steel or paper or brewing and may be used In closed circuit or in open 30 
circuit Involving evaporation in cooling towers. Alternatively, the water may be process water, especially 
process water containing significant sources of nutrients for microorganisms such as process water for 
paper making plants and breweries. Injection water for oil fields or water used in reverse osmosis plants e.g. 
to provide industrial processes or boiler feed water, may be treated. 

35 Other aquatic environments which may be treated with the hydroxy-alkyi phosphorus compounds 35 
according to the method of the invention are cooling or process water in board mills, fertilizer manufacture, 
oil refineries, primary metals manufacture, e.g. steel or copper, petrochemicals, rubber manufacture, textile 
and fabrics industries. Industrial gas manufacture, minerals recovery, glass and ceramic manufacture, food 
industry, leather manufacture, heavy and light engineering, including metal fabrication and automotive 

40 engineering, fu rniture manufacture, electronics industry and surface coatings and adhesives manufacture, 40 
and other manufacturing industries. 

The process Is also applicable to the treatment of geothermal water, water in domestic. Industrial and 
institutional central heating and air conditioning systems and water used for hydrostatic testing of pipelines 
and vessels, swimming baths and as cooling water for ships and marine engines. 

45 The invention is also applicable to the control of microbial contamination in a wide variety of aqueous 45 
based products. For example the hydroxy alkyI phosphorus compounds may be added to a variety of 
solutions and emulsion compositions such as paints, cutting oils, bitumen and tar emulsions, adhesives, 
weedkillers and insecticides, as well as to solid or concentrated compositions for addition to water in the 
preparation of such products. The invention, therefore, further provides aqueous based products which are 

50 subject to microbial spoilage to which has been added a bacteriostatic or batericidal quantity of a 50 
phosphorus compound containing at least one hydroxyalkyi group attached to the phosphorus atom. 
Typically such compositions consist of aqueous solutions, suspensions or emulsions of at least one 
functional ingredient together with a minor proportion of a phosphorus compound of the Invention, 
sufficient to inhibit growth of microorganisms therein. 

55 The systems to which the invention is particulariy applicable are those Involving the circulation or storage 55 
of substantial quantities of water under conditions favouring the multiplication of bacteria, especially hardy 
bacteria such as P Aeruginosa, e.g. c nditions inv Iving maintaining or periodically raising the water to 
super ambient temp raturesfav uring bacterial proliferati n, or maintaining nutrients for the bacteria In the 
water systems. 

60 Theinventi n Is illustrated In the foil wing Examples, in which a phosphorus com pound was compared 60 
for activity against formaldehyde and a control. The ph sphorus compound, unless stated to the contrary, 
was a 75% by weight aqu us solution of tetrakis (hydroxymethyl) ph sphonlum sulphate which solution Is 
referred to herein as THPS and which contained 0.4% free fomnaldehyde and had a pH of 4, The 
formaldehyde comparis n was used in 40% aqu ous solution. All d se levels are expressed In parts per 
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million by w ight of the aqueous biocide solution, based on the weight of water treated, unless otherwise 
stated. 

Example 1- Activity against pseudomonas aeruginosa u -r u 

n A freeze dried monoculture of Pseudqmonas aeruginosa (NCI B 8295 supplied by the Torrey research 5 
station was incubated in nutrient broth for about 24 hours at SOXtill turbid Two consecutive subculUires 
were then carried out to ensure that the bacteria were in a state of active growth. 2ml of the final broth was 
added to 500ml sterile, 0.25 strength Ringer solution and evenly dispersed. The innoculated solution was 
incubatedat30Xfor24hrstoglveastandardtestmediumcontaining10 bacteria per ml. 
in The test medium was divided into 50ml portions. One portion was kept as a control and the other portions 10 
were dosed with various levels of THPS solution and, for comparative data, a proprietary, isothiazolone 
based biocide. After incubating for 16 hours at room temperature, the bacterial levels in each portion were 
measured by a standard plate count procedure. The results were asfollows:- 

Biocide dose level Surviving bacteria per ml 15 

(ppm) 



15 



THPS solution Proprietary isothiazolone 
based biocide 



20 



25 



0 

20 

30 

40 

50 



10« 


10^ 


5x 10^ 


10^ 


600 


10^ 


60 


10« 


0 


10^ 



40 



45 



THPS dose level 


Surviving bacteria per ml. 


(ppm) 




0 


10^ 


10 


10^ 


20 


2x 10^ 


30 


150 


50 


20 


100 


0 



20 



25 



It is therefore demonstrated that THPS is extremely effective against Pseudomonas Aeruginosa and. In 
fact, gives a better performance, in this test, than the proprietary isothiazolone based product. 

Examo/e 2 -Activity against cooling water bacteria x 
30 Asample of recirculating water from a heavily infected industrial cooling system was used as a source of 30 
mIcroXrSsLforthistL. The microbiological population was found to bamixed 
oroanlsm was a gram negative rod-shaped bacterium, not specifically Identified. 

A teS medium; containing over W bacteria per ml. was made up by mixing the Infected coo Ing water, as 
aboJrwhhtrwaterfromSouthStaffbrdshire,^ ,^ 
excess of sodium thiosuiphate. The test medium was divided Into 50ml portions and one portion was kept as 36 
r^ntroL The Ser portions were dosed with various levels of THPS. Afer incubating for 16 hours at room 
temperature the bacterial levels In each portion were measured by a standard plate count procedure. The 
results were asfollows:- 



50 
THPS 



It is therefore demonstrated that bacteria from an industrial cooling water system were effectively killed by 



Comparative Example A- Comparison witf) formaldehyde ^ , 

Since It was known that under certain conditions, THPS could slowly react with waterto fomi 
BSformaldehyde it was necessary to prove that the formaldehyde was not theagent responsible for killing the 
E7aTnce,atthesameti^ described in exampi 2was earned out. similar tests, 

using the same test medium, wer carried out using formaldehyde. The results were as follows:- 
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Formaldehyde dose level Surviving bacteria per ml, 
fppm) 

0 10' 

5 0.1 10' 5 

0.5 10^ 

1.0 10® 

5.0 10® 

10 Theoretically 30ppm of THPS, If completely reacted with water, would yield 3.3ppm of formaldehyde. -jo 
Since we have shown (see results table of exanrrple 2) that SOppm of THPS reduced the bacterial population 
from 10' to 150 per ml and that (from table above) even 5ppm of formaldehyde only gave a slight reduction 
in the bacterial population it Is concluded that the bactericidal activity of THPS Is not solely due to released 
formaldehyde. 

t5 Formaldehyde, at dose levels sufficient to prevent bacterial growth, is objectionable on grounds of smell 15 
and of chemical reactivity, and Is not therefore, used commercially. 

Example 3 - Effect ofpH 

This series of tests was conducted to demonstrate the microbiocidal activity of THPS over the range of pH 
20 values commonly found In cooling water systems. 20 

A sample of recirculating water from a heavily Infected Industrial cooling water system was used as a 
source of micro-organisms for this test. The microbiological population was found to be mixed but the 
predominant organism was identified as Bacillus Cereus. 

Afew ml of the infected recirculating water was added to nutrient broth which was then Incubated for 
25 about 24hour5 at 30°C till turbid. 1 0ml of the broth was then added to 5 litres of tap water from South 25 
Staffordshire, England, previously dechlorinated with a small excess of sodium thiosulphate. This 
suspension of bacteria was used as the test medium. 

The test medium was divided into 50ml portions four of which were kept as controls. The pH values of the 
four controls were adjusted, by dropwise addition of 0.1 N sodium hydroxide solution or 0.1 N hydrochloric 
30 acid to the required values. 30 

For the other portions, each was dosed with the appropriate level of THPS and its pH was quiclcly adjusted 
to the required value. All of the portions of test medium were Incubated at 30°Cfor 19 hours. The bacterial 
levels were then measured by a standard plate count procedure. The results were as follows:- 



35 


THPS dose level 


Solution pH value 


Surviving bacteria p er mi 


35 




(ppm) 










0 


6 


10' 






25 


6 


10^ 




40 


50 


6 


103 


40 




100 


6 


230 






200 


6 


0 






0 


7 


10' 




45 


25 


7 


10* 


45 




50 


7 


350 






100 


7 


150 






0 


8 


10' 




50 


25 


8 


10® 


50 




50 


8 


600 






100 


8 


160 






0 


9 


10' 




55 


25 


9 


10® 


56 




50 


9 


500 






100 


9 


170 






200 


9 


60 





60 It is thus demonstrated that THPS is fully effective as a bactericide over the full range of pH values 60 
commonly found In cooling water systems. 

Example 4 'Activity against algae 
A batch of tap waterfrom South Staffordshire, England, was dechlorinated by the addition of a small 
65 excess f sodium thiosulphate. 50ml portions of the water were measured into each of two screw capp d 65 
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glass jars and each portion was innoculated with a mixed culture of unicellular and filamentous algae. One 
jar was dos d with 1 50ppm THPS solution and one left untreated as a control. B th jars were capped and 
exposed to light for 7 days. At the end of this period there was a mass of green, growing algae in the 
untreated jar but no living algae could be detected in the treated jar. 

' Example 5' Planttnall . u x .. • 

Afull scale trial was carried out on an industrial open, evaporative cooling system with the following 

parameters:- 



^0 (a) System capacity 

(b) Recirculation rate 

|c) Cooling towers 

(d) Temperature drop 

(e) Concentration factor 



22,000 gallons 10 

72,000 galtons/hr 

4 X induced draught 

6°C 

1.5 



The cooling system was in continuous use and immediately prior to the trial the bacterial level in the 
recirculating water as measured by a standard plate count procedure, was about 10 per ml. A shot dose of 
120ppm THPS solution was added to the system water and after 3 hours the bacterial level in the 
recirculating water had fallen to about 200 per ml. No problem with foaming was experienced. 
I This example Illustrates the effectiveness of THPS as a bactericide in a large industrial cooling system. 

Example 6 -Piant trial 2 

A further scale trial was carried out on a second industrial open, evaporative cooling system. System 
parameters are as follows: - 



26 

(a) System capacity 

(b) Recirculation rate 

(c) Cooling towers 

(d) Temperature drop 
30 (e) Concentration factor 



15 



20 



25 



10,000 gallons 
100,000 gallons/hr 
3 X forced draught 
5"C 

2 30 



The cooling system was in continuous use and immediately prior to the trial the bacterial level in the 
recirculating water, as measured by a standard plate count procedure, was 2000 per ml. A shot dose of 
96ppm THPS solution was added to the system water and within 1 hour the bacterial level had been reduced 
35 to 100 per ml. No problem with foaming was experienced, 35 

This example further illustrates the effectiveness of THPS as a bactericide In an industrial cooling water 

system. 

Example 7 -Bactericidal activities of other THP salts . . » . 

40 THPC (tetrakis(hydroxymBthyl) phosphonium chloride added as an 80% by weight aqueous solution) and 40 
THPP (totrakis{hydroxymethyI| phosphonium phosphate added in aqueous solution containing a concentra- 
tion of tetrakis{hydroxymBthyl) phosphonium group equivalent to 750 g tri[tetrakis(hydroxmethyl) 
phosphonium] phosphate per kg of solution) were tested for activity against Pseudomonas aeruginosa 
according to the test method described in Example 1 . Results were as follows: 

45 

Biocide dose level Surviving bacterial per ml 



50 

50 



(ppml 






THPP 


THPS 


THPC 




(ExV 






0 


108 


10« 


10^ 


20 


5x 10^ 


530 


10^ 


30 


600 


170 


920 


40 


60 


60 


30 


50 


0 


20 


0 


100 




0 


0 



55 - " - " 



It is therefore demonstrated that the chloride and phosphat salts of the THP moiety are at least as 
effective as bolcldes as THPS against c oling water bacteria at pH 6.6 
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Example 8 - Liquid scourer formulation 
A liquid scourer formulation was made up according t the following recipe: 

Component 

Synthetic Clay {sold under the 
Registered Trade Mark "LAPONITE" B, 

by Laporte Industries, England) ^-^^ 

10 Gum Arabic 10 

Fatty Acid Diethanolamide (sold 
under the Registered Trade Mark 

"EMPILAN"CDE, by Albright & • 
t5 Wilson, England) 2.30 ts 

Heavy Calcium Carbonate 

66.90 



Water 

20 



20 



An active culture of Pseudomonas Aeruginosa was made up in nutrient broth as described in Example 1. 
0.2 ml of the final sub-cultured broth was added to 50 ml of the above formulation to give a bacterial 
concentration of approximately 10^ per ml. The infected formulation was divided into three equal portions, 
the first portion was used as a control (i.e. no biocide added) and to the second and third portions THPS was 
26 added to give levels of 500 ppm and 1000 ppm, in the formulation, respectively. 25 
All three portions were Incubated at SOX for 16 hours and the bacterial levels in each portion was 
measured by a standard plate count procedure. The results were as follows: 

THPS dose level Surviving bacteria 

30 (ppm) per ml 30 

0 2,500 
500 0 
1000 0 

35 ^ 

Example 9 - Detergent formulation 
A liquid detergent formulation was made-up according to the following recipe:- 

Component '^^'^ 

40 

Nonyl Phenol Ethoxylate 
(sold under the Registered 
Trade Mark "EMPILAN" NP9, by 

Albright & Wilson, England) ^0 

45 

Water 

The bacterial test procedure in Examples was repeated using this formulation and results were as follows: 

50 THPS dose level Surviving bacterial 50 

(ppm) per ml 

0 10« 
500 0 
55 1000 0 . 55 

Example 10 - A dhesive paste formulation 
An adhesive paste formulation was made up according to the foil wing recipe: 

60 Component ^ 
S diumCarboxymethylcellulose 

(s id under the Reg ist red ^ - 

Trade Marie "COURLOSE" by 

Courtaulds Ltd, England) 3 
65 Water 97 65 
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The bact ricidal test pr cedure described in Example 8 was repeated using this formulation and results 
-wer as follows: 

THPS dose level Surviving bacteria 

g (ppm) perm! 5 

0 1,500 
500 0 
1000 0 

10 

10 

Example 1 1 - DIspersantformulation , „ . 

A dispersant formulation was made up according to the following recipe: 

Component 

15 

Sodium Lignmsulphonate 
(sold under the Registered 
Trade Mark "BORRESPERSE" NA, 

by Borregaard, Norway) 2o 

20 95 
Water 

The biocidal test procedure described in Example 8 was repeated using this formulation and the results 
were as follows: 25 

THPS dose level Surviving bactaria 

(ppm) P^f 



30 500 



0 io« 

5 X 10^ 30 
1000 10 
1,500 0 



35 



The above Examples 8-1 1 demonstrate the effectiveness of the compounds of the present invention as 
35 biocides for use in aqueous based formulations. 

40^°?r™Tre'rl?e7de?oni^^ 

electrode (Model 1 51 1.EILUmlted, England}. A readout of the dissolved oxygen level inthe waterwas 

provided by a model 151 0 dissolved oxygen meter (EIL. England) and an X/Y recorder. 

The experiment was set up at 25»C and 0.1 N sodium hydroxide solution was added m a sufficient quantity 
8othatwhen500ppmofTHPSwassubsequentlyadded,the8olutionpHwasabout9. 
45 AtthetreofadditionoftheTHPSthedissolvedoxygenl^ « 
scavenger with dissolved oxygen at pH 9 was very slow. However, on reducing the pH to below 7. by the 
fddrtirof o!rN hydrochloScid,the reart^ 

dissolved oxygen in the waterwas reduced from 10 ppm to zero ppm in 50 seconds. 
tin Comoarativa example B- Activity of a tong chain alky/ phosphonium salt ^ ^ . „ ^ 

^ sTmSneously with theexperiment described in Example2. a «P?:''^r,r™^uSrac^^^^^^^ 

the same test medium, to assess the activity of iauryltributyl phosphonium chlonde{LTBPC) as a bartericKle. 
ForTnvenience, the results have been expressed in terms of a 75% sd 

comparison of the activity of LTBPC and THPS to be made:- 

^ LTBPC concentration Surviving bacteria 

(ppm} P^rml 

0 60 

60 13.3 . 10« 60 

* 26.7 10" - - 



From 



these results and the ones given in Example 2 it can be seen that on a weight-for-weight basis, THPS 
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is more effective than LTBPC as a bactericide against cooling water bacteria. 

Comparative Example C -Activity of other alh/lpbosphonium salts 
A small range of other alkyi phosphonium salts was tested against cooling water bacteria according to the 
5 method given in Example 2. Those tested were:- 6 

Triphenylmethyl phosphonium chloride 
Tributylbenzyl phosphonium chloride 
Tributyl-3,4-dichIorobenzyl phosphonium chloride 
1Q Tributylmethyl phosphonium chloride 10 

All these compounds were found to be totally inactive, even up to a level of 200 ppm. 
These examples demonstrate that without a hydroxyalkyi group attached to the central phosphorus atom, 
short chain phosphonium salts tend to be inactive as bactericides against cooling water bacteria. 

15 15 

Example 13 -Activity against fungi 

Fungal spores, isolated from an industrial cooling water system were used inthistest The variety of 
fungus was not specifically identified, but was thought to be of the genus Aspergillus. 

50 ml portions of infected water were prepared. One was left untreated as a control and the others were 
20 treated with THPS at 1 00 and 200 ppm. The portions of water were incubated at 30°C for 5 days and the 20 
degree of fungal infection measured by a standard plate count technique. 

Results were as follows: 



25 



30 



THPS dose level Surviving fungal 

(ppm) spores per ml 25 

0 500 
100 500 
200 50 

30 

It is thus demonstrated that the THP moeity is an active fungicide. 



CLAIMS 

35 1. A method for treating water systems susceptable to infection by aquatic micro-organisms in orderto 35 
inhibit the growth of the latter, which method comprises adding to said water systems at least one 
phosphorus compound containing at least one hydroxyalkyi group attached directly to a phosphorus atom. 

2. The method according to claim 1 wherein the phosphorus compound has the formula [HOR- 
PR'nOmlyXx, whorcin n is 2 or 3; m is 0 or 1 such that (n + m) == 2 or 3; x is 0 or 1 such that {n + x) = 2 or 4; y is 

40 equal to the valency of X; R is an alkylene group of 1 to 4 carbon atoms; each R' may be the same or different 40 
and represents an alkyI or alkenyl group having up to 24 carbon atoms or a group of the formula HOR-, 
wherein R is as defined above; and X is an anion such that the phosphorus compound is water soluble. 

3. A method according to claim 2 wherein R is a methylene group. 

4. A method according to either of claims 2 and 3 wherein each R' is an HOR- group. 

45 5. A method according to claim4whereinn- 3, m = 0andx=1. 45 

6. A method according to claim 5 wherein X is a sulphate, chloride or phosphate anion. 

7. A method according to claim 1 wherein the phosphorus compound Is a compound having at least 2 
phosphorus atoms per molecule, which is formed by the condensation of a compound having the formula 
specified in claim 2, either alone or in the presence of urea, dicyandiamide, thiourea or guanidine. 

50 8. A method according to any foregoing claim wherein the phosphorus compound is added in an amount 50 
from 1 to 1,000 parts per mill ion by weight of the water to be treated. 

9. A method according to claim 8 wherein the concentration of the phosphorus compound in the water 
system is maintained between 5 and 150 parts per million by weight 

10, A method according to any foregoing clqim for the treatment of industrial cooling or process water. 

55 11. A method according to claim lOfortreatmentof cooling water in power stations, chemical plants, 55 
steel or paper mills or breweries. 

12. A method according to claim lOfortreating injecti n waterfortoil fields. 

13. A method according to any of claims 1 toSforthetreatment of geothermal water or water in central 
heating systems, air conditioning systems, r for use in hydrostatic testing, swimming baths or as cooling 

60 water f r ships and marine engines. 60 

14. Acompositi n for use in the method of any foregoing claim consisting essentially of a compound of 
the formula specified in claim 2 or a condensate thereof in conjunction with at least one other water 
treatment additive selected from scale and corrosion Inhibitors, flocculants, dispersants, antifoams oxygen 
scavengers and biocldes. 
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15. A method according to claim 1 wherein a composition according to claim 14 Is added to water. 

16. An aqueous based product which is susceptible, In the absence of added biocides, to microbiological 
contamination, and which comprises an aqueous suspension solution or emulsion of at least one functional 
ingredient, which product has been treated by a method according to any of claims 1 to 9 to Inhibit or 

5 prevent the growth of micro-organisms therein. 

17. An aqueous based product according to claim 16 which Is a paint, cutting oil, bitumen or tar 
emulsion, adhesive, weedkiller or insecticide. 

18. A solid or concentrated aqueous mixture comprising a functional ingredient and a compound having 
the formula specified in claim 2 or a condensate thereof, which mixture which Is adapted on addition to 

10 water to form an aqueous based composition according to either of claims 16 and 17. 

19. A method for the treatment of water according to claim 1 substantially as described herein with 
reference to any one of the examples. 
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